The authors developed and evaluated a rating scale, the Attitudes toward Handheld Decision Support Software Scale (H-DSS), to assess physician attitudes about handheld decision support systems.
Introduction
Optimizing patient safety is a key goal of health services research and clinical service delivery. Reports of the Institute of Medicine emphasize the importance of information technology in achieving patient safety. 1 Specifically, clinical decision support software (CDSS) has been shown to have a positive effect on patient safety, and, in particular, on the reduction of medication errors, in acute care hospital settings. [2] [3] [4] [5] Evidence for the effect of CDSS in the ambulatory setting is limited, 2 although preliminary research suggests a benefit. 4,6 -8 Ambulatory settings provide many challenges to the use of CDSS including the need for clinician mobility, the short time available for patient visits, tight budgets, and systems that are not easy to integrate into the workflow.
Personal Digital Assistants (PDAs) or handheld devices with clinical decision support software (H-CDSS) are being proposed and marketed for use in the health care setting.
The use of PDAs, in general, has been rapidly increasing in health care. 4 -6,8 -15 For example, Criswell and Parchman surveyed all U.S. family medicine residency programs and reported that two-thirds of the U.S. residents were using PDAs-indicating rapid adoption of PDAs in family practice residency programs. 11 There are many medical decision support tools available for use with PDAs. Although there are few studies of CDSS on PDAs, there are reports that the more commonly used applications are drug references, medical references, personal scheduling, and medical calculators. 4,6 -10,12-13 A recent survey of 2,130 pediatricians, 63% response rate, reported that 35% used PDAs at work and 40% used PDAs for personal reasons. Those using the PDAs thought that using the PDA increased efficiency and reduced medical errors. The applications that were more often used were drug references, medical calculations, and personal scheduling. 12 Yen-Chiao et al. reported similar applications in a survey designed to identify how physicians use the PDAs, what applications they use, and why applications are not used. 13 Studies have shown that there are barriers to use of these devices and that there is still resistance to use of these devices for clinical purposes. Key barriers include screen size, time to use, size, weight, ease-of-use, cost, and availability of medical applications, among others. 5,7-10,13-16,19 -22,24 Other important issues that must be considered are that the CDSS should be optimized for the workflow and type of conditions seen in the ambulatory as well as the inpatient setting, including the time pressures, and that it should not have a negative affect on physician-patient interaction. Given the potential use of these devices for clinical decision support in both ambulatory and inpatient settings, it is important to investigate the effects of interventions to reduce the barriers to use in a systematic way. Many assessments of barriers to use of PDAs have been qualitative in nature and of necessity often involve small samples of respondents. For instance, Lu et al. conducted interviews with 20 physicians using the Critical Incident Technique (CIT) to identify barriers to PDA use and reported quotes that identified the barriers. 13 Not only has there been little research on methods to reduce barriers to the use of handheld CDSS in the health care setting, there has also not been a validated scale specifically designed to measure clinician attitudes and perception of handheld CDSS. Our determination of the need for a scale targeted to handheld DSS was that scales related to general computer use are unlikely to address the unique features of these devices and that a simple-to-administer tool can be used easily and quickly with a large sample of participants.
Our goal was to develop and evaluate a rating scale to assess attitudes toward the use of handheld decision support systems in ambulatory and inpatient settings. The psychometric properties of the scale, Attitudes toward Handheld Decision Support Software (H-DSS), were tested among a group of physicians-in-training before and after they were provided with a PDA. This study was conducted in the context of a randomized controlled trial looking at the impact of the DSS.
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Methods
The study protocol, consent procedure, and instrument were approved by the University of Alabama at Birmingham Institutional Review Board.
In assessing the quality of the scale, we adapted the criteria developed by an international committee for development of health services research tools. 26 These criteria are similar to other guidelines for establishing the reliability and validity of survey instruments.
The following criteria were considered the most relevant to evaluate the proposed scale:
1. Conceptual model-e.g., the concept to be measured including the justification for item content. 2. Reliability-e.g., the degree to which the scale is free from random error; consistency of measurement. 3. Validity-the extent to which the scale measures what it purports to measure.
4. Responsiveness-the ability of the scale to detect changes over time.
The methods used to develop the scale, which we are calling the Attitudes toward Handheld Decision Support Scale, and to assess each of these criteria are described below.
Scale Content (Conceptual Model): To identify barriers to the use of CDSS/PDA we performed an extensive search of the extant literature, followed up references in identified articles, and used the input of our team to identify articles. We identified a list of barriers that were developed into Likert-type questions. 5, 7, 8, 15, [17] [18] [19] [20] [21] [22] [23] [24] For example, one potential barrier to adopting CDSS/PDA is the perception that these computers are too complex to use in a clinical setting. As a result, a specific question was developed to assess this notion (see Table 1 available online only at www.jamia.org). Based on the other identified barriers, further questions were developed for use in the survey. Following the preliminary construction of the scale, comments from the research team were solicited. The team members included experts in survey methods, informatics, and questionnaire development as well as clinicians, all of whom participated in modifying the format, ordering of items, clarifying the intent of words, and improving the overall layout of the scale.
The scale was then pilot tested for clarity and readability with a convenience sample of nine internal medicine resident physicians who were at an affiliated but different residency program from those involved in the subsequent validation study. Following the completion of the scale, the pilot group was instructed to carefully review the scale for ambiguities and ease-of-use, and to make comments regarding its use. These comments were used to revise the preliminary scale.
The final attitude scale consists of 14 items rated on a five-point Likert scale (see Table 1 available online only at www.jamia.org). The items measure the strength of the residents' attitudes toward handheld computers and the use of CDSS, with higher scale values for individual items representing more positive attitudes (e.g., perception of fewer barriers) to use of handheld decision support software. The H-DSS score is the mean across the fourteen items.
Study Sample
We evaluated the scale using a sample of 82 Internal Medicine residents in post-graduate years one, two, and three at an urban medical center in the southeastern United States, who volunteered to participate in a study examining the use of handheld CDSS. Recruitment materials included posters, mailings, and announcements regarding the study. Residents were recruited from a pool of 126 residents and all residents were offered the opportunity to participate in the study. Those agreeing to participate were given a PDA. The residents had ambulatory clinics that primarily serve lower income populations and are affiliated with a primary care residency program in an urban university. The residents' inpatient experiences were at various urban acute care hospitals.
Psychometric Assessment
To assess reliability, validity, and responsiveness we administered the scale twice to the same group of subjects with approximately a six month interval between administrations. In addition to the H-DSS items, we also asked other questions related to subjects' experience using a PDA including whether they had previously used a PDA, how much they used it in different settings, and what types of medical programs they had on the PDA. During the first administration, the questions on amount and type of use were completed by only those residents who currently used PDAs (n ϭ 51) and on the second administration, all residents completed the questions (n ϭ 77).
In addition to the H-DSS items, we also collected data on the respondents' age, gender, ethnic group, post-graduate year, primary care interest, and self-reported sophistication of computer use, which was reported on a five-point scale with 1 ϭ Very sophisticated and 5 ϭ Very unsophisticated.
After the first administration of the scale, residents were provided with a PDA (Palm OS) and were permitted to load any programs they wanted and use the PDA however they desired. We also asked questions on usage of the PDA (Table 2 available online only at www.jamia.org) and we analyzed the data on the second administration. The questions inquired about the residents' frequency of using the PDA outside the medical setting and accessing inpatient and outpatient medical information, and the total number of medical programs used.
Statistical Analysis
Our analysis was guided by our study objectives, to assess the reliability, validity, and responsiveness of the scale.
Reliability-In order to assess internal consistency of the overall H-DSS scale, Cronbach's Alpha reliability coefficient was computed for each administration. Reliabilities of 0.70 or greater are considered acceptable for internal consistency. 26 A factor analysis using principal components extraction with varimax rotation was also performed to confirm the latent structure of the scale.
Validity-Content validity was assessed by the panel of researchers as part of the development process as described above.
In terms of construct-related validity, we hypothesized that those residents with a higher score on the scale (e.g., a more positive attitude toward use of the PDA) would use the PDA more than those who perceived more barriers. This aspect of validity was assessed using Pearson correlations of the H-DSS score with each of the PDA usage questions, including how often the PDA was used for non-medical, inpatient and outpatient use, and total number of medical programs used. For concurrent validity, we used the second administration scores and usage data, since that was when all residents had an opportunity to use the PDA and answer those questions. For predictive validity, we then examined the correlation of the first administration H-DSS score with the usage questions at follow-up.
In order to further assess the construct validity of the scale we examined a multivariate linear regression model in which the outcome was the score on the first administration of the attitude scale. The independent factors in the model were several resident characteristics and self-reported sophistication of computer use.
Responsiveness-To assess responsiveness of the scale, we hypothesized that most of the concerns about using the handheld would be reduced by having actual experience using it. If the attitude scale were a responsive measure of perception of barriers, we hypothesized that compared to the baseline assessment, the second administration of the scale would show a decrease in perceived barriers (i.e., the scores would increase). Only residents who completed both scales were used in the analysis of responsiveness. Paired sample t-tests and a two-factor Analysis of Variance (ANOVA) were used to test for changes in the mean H-DSS scale score.
To more closely study the changes in attitudes over time, descriptive data on individual items were examined. For all items, and for each administration, the proportion of subjects who rated the item as "Strongly agree" or "Agree" was computed and reviewed.
A two-sided p-value of 0.05 was used for all statistical tests. SPSS 13.0 (SPSS Inc., Chicago) was used to analyze the data.
Results
Resident Characteristics
Seventy-five of the 82 residents completed both administrations (Table 3) . Of those who completed the study, 77% (n ϭ 58) were male. Although the majority of U.S. residents is also male, our male population was somewhat higher than the U.S. resident population (77% vs. 61%). 27 Residents were equally distributed among the three training years. Sixtythree percent (n ϭ 47) of the completers indicated owning a PDA at the time of the first scale administration. The characteristics of those who completed both administrations were similar to those who did not (data not shown).
Reliability
The internal consistency reliability for those completing both of the administrations of the H-DSS was ␣ ϭ 0.73; internal consistency reliability for all participants completing the H-DSS at pretest and posttest were ␣ ϭ 0.71 each. The factor analysis showed that a single component solution (eigenvalue ϭ 3.79 compared to the next best of 1.50 ) was by far the best fit for the scale. Scale items were designed for residents in training. However, we made minor revisions and found similar reliability with a small sample (n ϭ 15) of primary care physicians. 
Validity
Data on self-report of usage of PDA are reported in Table 4 . In addition to these three questions, residents were asked to indicate which programs they used and the total number of programs used was calculated. The mean number of programs used was 3.68 (standard deviation ϭ 2.00) with a range of 0 -9. Table 5 shows the correlations between the three PDA usage questions during the second administration and the H-DSS scale score during each administration. As can be seen, all of the correlations are positive demonstrating low to moderate concurrent and predictive validity of the H-DSS scale. Evidence for predictive validity was somewhat weaker than for concurrent validity. That is, of the correlations reflecting predictive validity (correlations between baseline H-DSS score and usage six months later) two of the four are statistically significant, while the correlations among data collected at the same time (i.e., concurrent validity) tended to be higher (3 of 4 are statistically significant).
Previous users of PDAs were associated with a more positive attitude. An independent-sample t-test for difference in means was used to determine whether the H-DSS scores differed between those who had previously owned a PDA vs. those who did not own one. The mean H-DSS score of previous owners on the first administration was significantly higher than for non-users 
Responsiveness
Overall the H-DSS scores at the first administration were high (mean ϭ 3.99, s.d. ϭ 0.35), indicating that the attitudes were positive. Nevertheless, the scores for the second administration (mean ϭ 4.08, s.d. ϭ 0.34) did show a statistically significant increase (paired t-test ϭ 2.87, p Ͻ 0.005).
Although the increase in scores was small, the standard deviation was also small, demonstrating that the H-DSS scale is very sensitive to detecting changes. These data provide support for the responsiveness of the attitude scale.
Consistent with our hypothesis, we found that the change was primarily a result of a decrease in perceived barriers in the residents who had not previously owned a PDA and are now "new users" (see Table 6 ).
To provide more detail on the specific changes over time, we examined the individual items. Table 7 shows the proportion of residents who "Agreed" or "Strongly agreed" with each of the items on the scale. For the group as a whole, the largest changes over time were in items 2, 3, and 5, which related to usability of the handheld.
When analyzing the H-DSS items of the new users that changed at least 10%, we found that the new users showed positive changes in attitude towards item 2, the adequacy of the PDA screen (from 70% to 100% indicating agree or strongly agree), and item 3, the handheld's ease of use (from 80% to 90%), whereas the previous users showed positive changes on the PDA's ease of use in the clinics and using it in front of patients (data not shown). 
Discussion
We developed a scale to measure attitudes toward handheld decision support tools. We found that our scale had acceptable psychometric properties including measures of reliability, validity, and responsiveness. 28 The theoretical model, based on their data, identified four dimensions that predict technology use. These dimensions are (1) performance expectancy, e.g., the extent to which the user believes that using the system will be helpful in his or her work; (2) effort expectancy, e.g., the ease of use of the system; (3) social influence, or the degree to which important others believe the user should use the system; and (4) facilitating conditions, or the perception that the user has the knowledge to use the system and that the environment facilitates its use. Although Venkatesh et al.'s conceptual framework was developed after our scale was completed, the areas they identified as predictive of use of information technology are similar to ours. 28 While the focus of our article is on the psychometric properties of the scale, the results on PDA use are generally consistent with other studies in that we found that the majority of the residents already used PDAs. 5,10 -12,20 Unlike in other studies 7, 10 , very few (1%) of the residents in this study had concerns about the size or weight of the PDA. This may reflect improvements in the technology since the time of the earlier studies. Recent studies have identified barriers such as battery life, privacy and security, and breakage. 10, 12 Despite the initial generally positive attitudes, our scale demonstrated responsiveness and the ability to detect changes over time. Future research might examine scales with a less enthusiastic population or other health professionals.
D'Alessandro et al. studied the barriers to using computerbased digital health sciences libraries (DHSL) among rural physicians. This study was conducted five years before ours, and was assessing PC, rather than handheld, use. 20 They suggested that barriers to use of the PC, inconvenient location and lack of time and training, may be overcome by using PDAs as point of care tools. More recently, McAlearney et al.
14 conducted focus groups to describe physicians' use of PDAs in the clinical setting. They grouped the users into 4 categories (non-user, niche-user, routine user, power user) and found differences in perceptions of use and barriers to use of the PDA. Non-users tend to not see the benefits of the PDA, whereas power users tend to find using the PDA intuitive. Although Ho et al. 5 reported that residents used PDAs for medical purposes, other types of decision support tools in addition to medical calculators or drug information references are still not widely used. A scale such as the one we developed to address attitudes prior to and after the introduction of the PDA tools could provide useful data on the effect of the intervention.
Limitations
This scale validation study was conducted on a sample of internal medicine residents from a single residency program with certain demographics. As such, this may limit the generalizability of the scale-a problem common to studies of this type. In addition, the potential for recall bias is present in the self-report data on usage of the PDA.
Conclusion
The scale on attitudes toward using handheld computers for clinical decision support was developed and assessed using standard criteria for scales of this type. The scale was reliable, valid, and responsive. As more CDSS are developed for use on handheld computers, assessment of the impact of these systems on perceptions of barriers will need to be done. With the increasing use of handheld CDSS our atti- tude scale provides an important, simple-to-use scale for that assessment.
